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THE MAGNETO
D saorip t i o n .
The magneto i s  an e l e c t r i c  g en era tor  which has as i t s  
e s s e n t i a l  p a r ts ,  a magnetic f i e l d  produced hy permanent magnets 
and a c o i l  which r e v o lv e s  in t h i s  magnetic f i e l d .  With permanent 
magnets on ly  a weak f i e l d  can be  produced and con seq u en tly  on ly  
sm all q u a n t i t ie s  o f  power a re  gen erated . In machines where more 
power i s  d e s ir e d  we f in d  e le c t r o -m a g n e t ic  f i e l d s  and in  a d d it io n ,  
lam inated c o re s  to  minimize the ir o n  l o s s e s ,  but in  the magneto, 
s in ce  very  l i t t l e  power i s  d eve lop ed , the l o s s e s  in  the ir o n  are  
n e g l i g i b l e .
O r ig in .
The magneto da tes  back to  the b e g in n in g  o f  the e l e c t r i ­
c a l  in d u stry  which was in  r e a l i t y  the d is c o v e r y  o f  the c l o s e  r e l a ­
t io n  between magnetism and e l e c t r i c i t y ,  f o r  the f i r s t  sou rces  o f  
e l e c t r i c i t y  a s id e  from b a t t e r i e s ,  were magnetos becau se  they con­
s i s t e d  o f  c o i l s  o f  w ire r e v o lv in g  in a m agnetic f i e l d  produced  
by permanent magnets. Of cou rse  they d id  not very  c l o s e l y  resem­
b l e  our p resen t  day magneto, but they were the fo reru n n ers  o f  b o th  
magneto and g e n e ra to r .  As we are  in t e r e s t e d  p r im a r i ly  in  the mag­
n e to ,  i t s  development on ly  w i l l  be taken up in  the f o l l o w in g  
paragraph.
Development.
The development o f  the magneto has been e s p e c i a l l y  ra p id  
s in c e  the advent o f  the in te r n a l  combustion engine . The f i r s t  
magnetos were used  in  t e s t i n g  and in  te lep h on e  work, but with
- 3 -
the ra p id  improvement o f  the in te r n a l  oorabnation engine came 
an e q u a l ly  ra p id  development in  the i g n i t i o n  ayatems, ao that 
the magneto now uaed in  t h i s  work l i t t l e  reaemblea th at  in  p resen t  
u se  in  te lep h on e  work. The f i r s t  magnetos c o n s is t e d  o f  two 
o r  th re e  h orsesh oe  magnets and a s h u t t le  shaped armature which 
r e v o lv e d  between the p o le s  o f  th ese  magnets. They were p o o r ly  
c o n s t r u c te d  so th a t  they were more n e a r ly  l i k e  magnetos used  
in  r u r a l  te lep h on e  work than the alm ost m ech a n ica lly  p e r f e c t  ones 
used  in  i g n i t i o n  work. The p resen t  i g n i t i o n  magneto i s  a w e ll  
c o n s t r u c te d  machine having, o r d i n a r i l y ,  a double  la y e r  o f  magnets, 
u s u a l ly  fou r  or  s i x  f i rm ly  fa s te n e d  to  a machined p a ir  o f  p o le  
p i e c e s  and base  c a l l e d  a c r a d le .
Jfc7^ r?er/‘s Or’c7c^/& _^ rf770'flur-&
In s te a d  o f  the o ld  b a b b it  or  b r a s s  b ea r in g a  we now have b a l l  b e a r ­
in g s .  With t h i s  alm ost p e r f e c t  b a la n ce  we f in d  very  sm all a i r  
gaps and s t i l l  they are ca p a b le  o f  running a t  very  h igh  speeds.
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Uses.
The magneto has v a r io u s  u s e s ,  most im portant among 
th ese  b e in g  the te lep h on e  and gas and g a s o l in e  engine i g n i t i o n .  
Under the l a t t e r  we f in d  the au tom obile , the  motor c y c l e ,  the 
motor b o a t ,  the t r a c t o r ,  the a erop la n e , and the s ta t io n a r y  gaso­
l i n e  eng ine . The f i r s t  o c c u p ie s  by fa r  the la r g e s t  p a rt  o f  the 
f i e l d  and s in ce  i t  has become such an economic n e c e s s i t y  and i s  
m anufactured in  such great q u a n t i t ie s ,  we f in d  that that in d u stry  
has been in strum ental in  p e r f e c t i n g  the magneto becau se  the 
i g n i t i o n  problem has been one o f  the most d i f f i c u l t  to  s o lv e .
The magneto i s  now used alm ost wherever the  in te r n a l  combustion 
engine i s  used , a lthough  r e c e n t ly  au tom obile  m anufacturers have 
had c o n s id e r a b le  co n tro v e rs y  ov er  the r e l a t i v e  m erits  o f  b a t t e r y  
and magneto i g n i t i o n  systems. This has o c cu rre d  becau se  o f  s e l f  
s t a r t i n g  o f  eng ines has n e c e s s i t a t e d  a s to ra g e  b a t t e r y  which some 
a l s o  u se  f o r  i g n i t i o n .  An advantage lo n g  cla im ed  f o r  the mag­
n e to  was i t s  r e l i a b i l i t y  and the f a c t  th at  i t  never needed 
re ch a rg in g  but in  the modern systems the b a t t e r i e s  are  under 
charge almost c o n s ta n t ly  w h ile  the  engine i s  running, so that 
t h i s  advantage i s  r e le g a te d  to  the background. An advantage 
in  fa v o r  o f  the b a t t e r y  i s  w e l l  known, b a t t e r y  i g n i t i o n  systems 
produ ce  g re a te r  spark in t e n s i t y  at low speeds than do magneto 
system s. Another advantage i s  th at  the b a t t e r y  system has a 
b e t t e r  spark ad justm ent, g iv in g  g re a te r  spark in t e n s i t y  r e g a r d le s s  
o f  whether i t  i s  running advanced or  re ta rd e d .  I t  i s  p rob a b ly  
known th at  the magneto produ ces  i t s  maximum spark when i n t e r ­
r u p t io n  comes at one p a r t i c u l a r  p la c e  in  the r e v o lu t io n .  Hence
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when we advance or  re ta rd  the spark we vary the in t e n s i t y  w h ile  
w ith  the b a t t e r y  system we have a spark o f  con sta n t i n t e n s i t y .
O peration  & Types.
In an in te r n a l  com bustion engine i g n i t i o n  o f  the m ixture 
in  the c y l in d e r  should o ccu r  so that the e x p lo s io n  o f  the gas 
takes  p la c e  when the p is t o n  i s  a t  the head o f  i t s  s tro k e .  S ince  
the p r o c e s s  o f  spark in g  and f i r i n g  i s  not in stan tan eou s a c o r r e c ­
t i v e  means i s  a b s o lu t e ly  n e ce s s a ry ,  e s p e c i a l l y  a t  h igh er  engine 
speeds , s in ce  then t h is  la g  i s  r e l a t i v e l y  g re a te r  as compared with 
the p i s t o n  speed. The adjustm ent o f  t h i s  mechaynism i s  c a l l e d  
t im in g . This t im in g  i s  ob ta in e d  in v a r io u s  ways, by  a cam mechan­
ism in  the make and break system, by a v ib r a t o r  or  master v ib r a t o r  
system or by the in te r r u p t e r .
There are  v a r io u s  systems o f  i g n i t i o n  in  which the 
magneto f in d s  a p la c e ,  low te n s io n  or the make and break  system, 
the m u lt ip le  v ib r a t o r  system, the master v ib r a t o r  and m u lt ip le  
c o i l  system, and the high t e n s io n  system.
Zour TsirsiO N  
'Sy s t e m
In the low te n s io n  (make and break system) the spark 
i s  made in  the c y l in d e r  by the a c t i o n  o f  a sp r in g  which breaks  
the c o n ta c t  made by a d e v ic e  d r iv en  by a cam mechanism connected
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to  th e  engine. The aouroe o f  e l e c t r i c i t y  may be  e i th e r  a magneto 
or  a b a t t e r y  con n ected  through a rea cta n ce  c o i l .  When the c i r ­
c u i t  i s  broken the induQ tive k ick  o f  the rea cta n ce  c o i l  or  arma­
tu re  o f  the magneto g iv e s  the spark which i s  always seen when 
the f lo w  o f  cu rren t  through a rea c ta n ce  c o i l  i s  tem p ora rily  b r o ­
ken. The t im in g  o f  t h i s  i g n i t i o n  i s  o b ta in ed  by adjustment 
o f  the  cams.
The m u lt ip le  v ib r a t o r  system i s  a high te n s io n  system 
in  which the sou rce  o f  energy i s  e i th e r  a magneto or b a t t e r y .
VlSSATOS.
Systa:m
A t im er cam c l o s e s  the primary c i r c u i t  through an 
in d u c t io n  c o i l ,  th ere  b e in g  an in d iv id u a l  c o i l  f o r  each c y l in d e r  
and a v ib r a t o r  on each c o i l  causes  the in te r r u p t io n s  o f  curren t 
that produ ce  the secondary d is ch a rg e .
The master v ib r a to r  system i s  very  s im ila r  to  that ju s t  
d e s c r ib e d  except that one v ib r a t o r  i s  used in  p la c e  o f  a separate  
one on each c o i l .
III- j
Yib s a t o s  Systaw
P w l -
^ 7 4
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A more re cen t  d e v ic e  used  in  au tom obile  work i s  c a l l e d  
the d i s t r i b u t o r  in  which the c y l in d e r s  are  con n ected  s u c c e s s iv e ly  
to  the secondary o f  the induction c o i l .
There are  se v e ra l  d i f f e r e n t  types  o f  h igh te n s io n  sys­
tems and each has i t s  advantages and d isa d va n tages . In one type 
the cu rren t i s  gen erated  in  the magneto a t  low v o lta g e  and i s  
con n ected  to  the primary o f  the
J lie -ir
T i :2VSIo n
S y s t je t m
c o i l .  From the secondary s id e  o f  the c o i l  the high te n s io n  cu r­
ren t  i s  brought to  the d i s t r i b u t o r  which i s  mounted on the magneto 
and con n ected  through g ea r in g  to  the sh a ft  o f  the machine. The 
prim ary c i r c u i t  i s  norm ally  c l o s e d  through the armature o f  the 
magneto and the c o i l .  This c i r c u i t  i s  opened by a d e v ice  c a l l e d  
a c o n ta c t  breaker  lo c a t e d  on the sh a ft  o f  the machine. The 
secondary i s  con n ected  on one s id e  to  the ground and on the o th er  
to  the d i s t r i b u t o r  which i s  con n ected  to  the c y l in d e r s .
Another m o d i f i c a t io n  o f  the system ju s t  d e s c r ib e d  i s  
found in  the magneto which has no ex te rn a l  c o i l  but in  which the 
c o i l  i s  a part  o f  the armature. In stead  o f  one c o i l  wound on 
the  armature we have two c o i l s ,  one o f  a few turns and one o f  many 
tu rn s , the armature a l s o  s e rv in g  as the c o re  o f  the induction c o i l .  
The c o n ta c t  maker i s  in the c i r c u i t  c o n ta in in g  the primary wind-
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in g  and the d i s t r i b u t o r  in  the secondary winding.
Another type  o f  magneto sometimes used on s ta t io n a r y  
eng ines  i s  one in  which the armature doss  not  c o n s ta n t ly  r e v o lv e  
but on ly  when a spark i s  d e s ir e d .  This i s  ob ta in ed  by a cane 
and s p r in g  arrangement s im ila r  to  that used  in  make and break 
i g n i t i o n .  This i s  p r a c t i c a l  in  s in g le  or  two c y l in d e r  engines 
on ly  where a spark i s  needed o n ly  once in  every o th er  r e v o lu t io n  
in  the ca se  o f  the s in g le  c y l in d e r .
In a l l  ca se s  magnetos are  con n ected  p o s i t i v e l y  to  the 
engine  so that th e re  i s  no s l ip p a g e  which would change the r e l a ­
t i o n  between the engine and magneto. Hence b e l t  or  f r i c t i o n  d r iv e  
i s  e l im in a ted . The m a jo r ity  o f  magnetos are  d i r e c t  con n ected  
so th at  they run a t  engine or  crank sh a ft  speed. Two cams are  
lo c a t e d  in  the b rea k er  box  which g iv e  two sparks every r e v o lu t io n  
which i s  the number req u ire d  f o r  a fo u r  c y l in d e r ,  fou r  c y c l e  
engine .
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THE MAGUETO CIRCUIT.
The s im p les t  gen era l magneto c i r c u i t  may be dravm as
f o l l o w s :
-o o- 
I u
This c o n s i s t s  o f  an armature "A" which r o t a t e s  in  a m agnetic f i e l d  
produ ced  by permanent magnets. The armature i t s e l f  i s  made o f  
e i t h e r  lam inated ir o n  s e c t io n s  or  out o f  a s o l i d  p ie c e  o f  i r o n .
The purpose o f  the la m in ation s  b e in g  to  cut down the  eddy cu rre n ts  
in duced  in  the armature i t s e l f  as i t  r e v o lv e s  in the m agnetic 
f i e l d .  The shape o f  moat armature c o re s  ( l o o k in g  at i t  from the 
end) i s  that o f  a double  headed r iv e t  or  s h u t t le .  The armature 
c o i l  i s  wound about the shank. Now as t h i s  r o t a t e s  in  the m agnetic 
f i e l d  the v o l t a g e  induced i s  p r o p o r t io n a l  to  the r a t s  o f  c u t t in g  
o f  l i n e s  o f  f o r c e  and the number o f  turns o f  w ire  upon the c o i l .  
That i  8 ;
d$e = n
dt
where e = induced v o l t a g e ,  
n = number o f  turns.
^  = ra te  o f  c u t t in g  o f  l i n e s  o f  f o r c e .
The cu rren t  which w i l l  f lo w  due to  t h i s  induced v o l t a g e  i s  o f  cou rse  
a fu n c t io n  o f  the  r e s i s t a n c e  and re a cta n ce  o f  the armature c i r c u i t .
P assin g  on from the armature the  f i r s t  th in g  we come 
to  i s  the in te r r u p t e r  " I " .  The in te r r u p t e r  i s  a m echanical d e v ice
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by which the c i r c u i t  can be  made or  broken , and i s  u s u a l ly  p la ce d  
on th e  end o f  the  armature s h a f t .  The a c t io n  i s  produced by means 
o f  a cam, t h i s  works a le v e r  which in  turn makes and breaks  the 
c i r c u i t .
The n ext  th in g  in  the c i r c u i t  i s  the condenser " c "  
which i s  in  p a r a l l e l  with the armature. The purpose o f  t h i s  
condenser i s  to  s t o r e  up e l e c t r i c i t y  so th at  when the c i r c u i t  i s  
broken an ex tra  rush o f  cu rren t  w i l l  f lo w  through the primary c o i l  
due to  that which was s to r e d  up in  the conden ser. This rush 
o f  cu rren t  at the b rea k in g  o f  the  c i r c u i t  causes  the f l u x  produced 
by the  primary oxirrent to  change from a maximum va lue  to  zero  
in  a very  short in t e r v a l  o f  tim e.
The n ext  part  o f  the armature c i r c u i t  i s  the primary 
c o i l  "P " . This c o n s i s t s  o f  a number o f  turns o f  w ire  wound 
on an ir o n  c o re .  The c o re  i t s e l f  mayflirnish a com plete  path f o r  
the m agnetic l i n e s  o f  f o r c e  or  on ly  a p a r t i a l  c i r c u i t
Going on from the prim ary c o i l  we come to  the secondary 
c o i l  "S " ,  which c o n s i s t s  o f  a la r g e  number o f  turns o f  f i n e  
w ire wound upon the same c o re  as the primary c o i l ,  thus r e s u l t in g  
in p r i n c i p l e  a sm all tra n sform er . One end o f  the secondary c o i l  
i s  grounded and the oth er  end le a d s  to  the d i s t r i b u t e r .  The 
d i s t r i b u t e r  i s  a m echanical d e v ic e  by which the cu rren t may be  
c a r r i e d  to  the c o r r e c t  c y l in d e r  a t  the p rop er  time. At the 
c y l in d e r  the v o l t a g e  i s  h igh enough to  cause the a i r  r e s i s t a n c e  
to  break  down and a spark jumps a c r o s s  the spark p lu g s  and re tu rn s  
through the ground to  the o th er  s id e  o f  the secondary c o i l .
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We saw th at  in  the armature c o i l  a v o lta g e  was generated
a c c o r d in g  to  th e  equ ation  e = n Now in  our primary c o i l
we w i l l  a l s o  have another v o l t a g e  induced due to  the change o f
f l u x  in  the ir o n  c o re  when the c i r c u i t  i s  made and broken , and t h is
may he w r it te n  a s ;  e «  -n  This i s  s im ila r  to  the o th er
dt
equ ation  except f o r  the minus s ig n  which in d ic a t e s  that t h i s  v o l ­
tage  i s  opposed t o  that which produced i t .  Now again  in  the 
secondary a v o l t a g e  w i l l  be induced and may be w r it te n  6 3  = -n 3  
Taking a r a t i o  o f  the primary and secondary v o l ta g e s  we have 
that
®3 ~ ^2
Thus we see that the  va lue  o f  the secondary v o l t a g e  i s  d i r e c t l y  
p r o p o r t io n a l  to  the number o f  turns o f  the secondary c o i l .  So any 
v a lu e  o f  secondary v o l ta g e  may be ob ta in ed  by p la c in g  on the c o i l  
the  r ig h t  number o f  secondary tu rn s .
S p e c ia l  Types.
The magneto c i r c u i t s  in  gen era l may be  d iv id e d  in to  two 
ty p es  which are  the low and the high te n s io n  r e s p e c t iv e ly .  By 
d e f i n i t i o n ,  or  common u n d ers ta n d in g ,th e  low te n s io n  magneto has 
but one c o i l  wound upon i t s  armature. The tru e  h igh  te n s io n  mag­
n e to  has bo th  the primary and secondary c o i l s  wound upon the 
armature. The h igh  te n s io n  magneto thus does away w ith  a sepa ra te  
in d u c t io n  c o i l .
There i s  a l s o  an oth er  im portant d i f f e r e n c e  between the 
h igh  and low te n s io n  c i r c u i t s .  In the low te n s io n  c i r c u i t  the
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in t e r r u p t e r  i s  u s u a l ly  in  s e r i e s  with the primary c i r c u i t  and the 
armature i s  thus sh ort  c i r c u i t e d  through the primary a t  a l l  times 
ex cep t  when the in te r r u p t e r  i s  open. In the high te n s ion  c i r c u i t  
the  in te r r u p t e r  i s  in  p a r a l l e l  w ith  the armature primary c o i l  
and t h i s  i s  sh ort  c i r c u i t e d  through the in te r r u p te r  and ground 
ex cep t  when the in te r r u p t e r  has broken the c i r c u i t .
The magnetcB under in v e s t ig a t io n  were the Bosch, the 
S p l i t d o r f ,  the B ix ie ,  the N a tion a l ,  and the K ingston . These f i v e  
may be  d iv id e d  in t o  th ree  g en era l types  which a re :  the low te n s io n ,
th e  h igh  te n s io n ,  and the in d u c to r  a l t e r n a t o r  high te n s io n .  Fe 
w i l l  f i r s t  draw the com plete diagram o f  co n n ect ion s  o f  the  low 
t e n s io n  and e x p la in  i t s  o p e r a t io n .  As an example o f  t h i s  the 
S p l i t d o r f  low te n s io n  magneto w i l l  be used .
S p l i t d o r f  Low Tension
<iH
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For B a ttery  ( l  & 3 ) & (5  & 6) 
For Magneto (3 & 4 )  & (6  & 7)
P
H
' D '
- l a ­
in  the S p l i t d o r f  low te n s io n  magneto the armature i s  
o f  the  s h u t t le  type  with one c o i l  wound upon i t .  The armature 
"Ar" r o t a t e s  in  a permanent m agnetic f i e l d .  One end o f  the c o i l  
i s  grounded and the oth er  le a d s  to  the term in a l "A)',from here the 
c i r c u i t  i s  conducted  to  the dash board sw itch  to  p o in t  marked 
"4 " .  When in  the magneto p o s i t i o n ,  p o in t s  (3 & 4 ) (6  & 7) are
con n ected  to g e th e r  by the sw itch . From "3 " ,  a permanent con n ect ion  
le a d s  t o  p o in t  " 6 " .  From p o in t  "6 " ,  the c i r c u i t  comes back t o  the 
te rm in a l ‘Ta)** and when the in te r r u p te r  ” 1" i s  c lo s e d  from " ( a ) "  
through the in te r r u p t e r  to  ground and then back to  the o th er  s id e  
o f  the c o i l .  When the in te r r u p t e r  i s  open the c i r c u i t  lea d s  from 
*'6" t o  ” 7" through the primary c o i l  to  ground and then back to  the 
arm ature. The secondary c o i l  i s  grounded on one s id e  and the 
o th e r  s id e  le a d s  t o  the d i s t r i b u t e r  and from th ere  to  the p lu g s .
In t h i s  diagram the b a t t e r y  c i r c u i t  i s  a l s o  drawn in  
o rd e r  t o  show the o p e ra t io n  o f  a dual i g n i t i o n  system. From one 
s id e  o f  the b a t t e r y  we come to  p o in t  "5 " .  In the b a t t e r y  p o s i t i o n  
the sw itch  con n e c ts  to g e th e r  p o in t s  ( 5 & 6 ) & ( l & a ) .  From 
"5" d i r e c t l y  to  "6 " ,  and from "6 "  to  term in a l "(2)" through the 
in t e r r u p t e r  " I "  t o  ground; from ground the c i r c u i t  lea d s  back 
through the prim ary c o i l  to  p o in t  "7 " .  From p o in t  "7" to  "2" which 
i s  perm anently con n ected  through a bu tton  in te r r u p te r  and then 
from p o in t  "3"  t o  "1 "  and back to  the b a t t e r y  thus com p letin g  the 
c i r c u i t  when the in te r r u p te r  i s  c lo s e d .  When i t  i s  open no cu rren t 
can f lo w .
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The Boeoh High T en s ion .
The IJosch high te n s io n  magneto i s  c o n s tru c te d  as f o l l o w s :  
Both the  primary and secondary c o i l s  a re  wound upon the armature.
One s id e  o f  the prim ary i s  grounded and the o th er  le a d s  out to  the 
condenser and the  in te r r u p te r  which are in  p a r a l l e l  w ith  the 
armature c o i l  through ground. A v o l t a g e  i s  induced in  the primary 
c o i l  as i t  r e v o lv e d  between two permanent magnets and the cu rren t 
made to  f lo w  by t h i s  v o lta g e  goes  out around the primary c i r c u i t  
which i s  short  c i r c u i t e d  w h ile  the in te r r u p t e r  " I "  i s  c lo s e d .
When the in te r r u p t e r  i s  opened the condenser d is ch a rg e s  back through 
the prim ary c o i l .  The cu rren t  thus changes from maximum to  zero  
in  a very  short in t e r v a l  o f  t im e.
The f l u x  o f  cou rse  d ie s  w ith  the cu rren t amd so a high 
v o l t a g e  i s  induced in  the secon dary . The secondary i s  grounded 
at the  m iddle and each end le a d s  out to  the d i s t r i b u t e r  "D" or 
c o l l e c t o r  r in g s  are  b ra ss  segments which r o t a t e  w ith  the armature 
sh a ft  but are  in s u la te d  from i t .  From th ese  segments the secondary 
cu rren t  i s  lea d  t o  the spark p lu g s  a t  the proper  tim e.
The D ix ie  High T en s ion ^
(r-
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The c i r c u i t  diagram o f  the D ix ie  h igh te n s io n  magneto 
i s  a lm ost the same as the h osch . The on ly  d i f f e r e n c e  b e in g  that 
one end o f  bo th  the primary and secondary c o i l s  a re  j o in e d  and 
grounded. However, in  a c t io n  the p r i n c i p l e  i s  e n t i r e l y  d i f f e r e n t .  
The p r i n c i p l e  upon which the D ix ie  magneto works i s  that o f  the 
in d u c to r  a l t e r n a t o r .  That i s  the  c o i l s  on the D ix ie  magneto 
do n o t  r e v o lv e ,  but are  s ta t io n a r y  upon a lam inated c o r e .  The 
permanent p o le s  in s te a d  o f  b e in g  p a r a l l e l  t o  the a x is  o f  the 
armature are p e rp e n d icu la r  to  i t .  And the armature i t s e l f  i s  made 
up o f  two lu gs  180° apart sepa ra ted  by a b r a s s  s t r i p .  These 
lu g s  a re  mounted on a s h a ft .  When the lu g s  are  in  one p o s i t i o n  
the f l u x  t r a v e ls  from the p o l e ;  through one lu g ;  through the 
lam inated  ir o n  c o r e ,  which i s  between the lu ge  and h orsesh oe  in  
shape w ith  the open s id e  e n c i r c l i n g  the armature; out through 
the o p p o s i te  lu g  and to  the o th e r  p o l e .  When the lu g s  are  turned 
over  180° the d i r e c t i o n  o f  the  f l u x  i s  re v e rs e d  through the lam i­
n ated  c o r e .  With t h i s  v a r ia t i o n  in f lu x  a v o l t a g e  i s  induced 
in  the primary c o i l  and when the c i r c u i t  i s  opened by means o f  th e  
in t e r r u p t e r  the cu rren t  d ie s  in  the prim ary. This in duces  a high 
v o l t a g e  in  the secondary c o i l  which c o n ta in s  a la r g e  number o f  
t\irns. The cu rre n t  i s  then d i s t r ib u t e d  from the high v o l t a g e  s id e
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t o  th e  spark p lu g s  by means o f  the m echanical d i s t r i b u t e r .
M athematical C a lc u la t io n s .
From o s c i l l i g r a m s  taken o f  primary cu rren t and v o lta g e  
and secondary cu rren t  as shovm below
____ _______________
t an
a lm o s^ ^ O ^ T e h in d  the v o l t a g e  and thus i s  about a maximum when' 
the v o l t a g e  i s  z e r o .
For the establishm ent o f  the cu rren t we may w r ite  that 
the v o l t a g e  at any in s ta n ce  i s  equal to  the sura o f  the IR and 
IX drop or
e * i r  + L ^4 dt
Then i  = e -  L ^
or i  -  e = « L ^  
r  T dt
and t ra n sp o s in g  - d i
i  -  er
dis­
in t e g r a t in g  we have lo g g  ( i  -  S.) = ■’£1  + JogcC
^ L
or  i  = -  = cer L
but when t = o, i  * o , then c = “ ~
r
then we may w r ite  i  = 1  ( i  + e
r L '
a l s o  when t = i  = —
By t h i s  time the cu rren t  has reached  a steady  va lu e  
which i s  independent o f  the in du ctan ce  o f  the c i r c u i t  c a l l i n g  t h i s  
va lu e  I and s u b s t i t u t in g  we have
i = 1 (1  + e “ 2^)
From t h i s  equation  we see that i t  i s  an e x p on en t ia l  
curve and may be  p l o t t e d  as f o l l o w s :
Now from the equ ation  we can see that when the in t e r v a l
o f  tim e " t "  i s  sh ort  the r a t i o  which i s  c a l l e d  the tim e con -
L
stan t o f  the c i r c u i t ,  c o n t r o l s  the h e igh t  to  which the cu rren t 
r i s e s .  That i s  by making the r a t i o  o f  la r g e  or small the cur­
ren t  as g iven  by the ex p on en t ia l  curve may be made to  r i s e  
q u ic k ly  o r  s low ly  r e s p e c t i v e l y .  Thus by a c t u a l ly  in c r e a s in g  the 
r e s i s t a n c e  o f  a c i r c u i t  the cu rren t may be made to  r i s e  h igher  
in  a g iv en  in t e r v a l  o f  time than with a low va lu e  o f  r e s i s t a n c e .
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M an lp u la t ion .
In c a r r y in g  on t h i s  t h e s i s  work a d i r e c t  cu rren t motor 
was used  f o r  power, and speed v a r ia t i o n  was c o n t r o l l e d  by in s e r t in g  
r e s i s t a n c e  in  b o th  the f i e l d  and armature c i r c u i t s .  The magnetos 
under t e s t  were b e l t e d  d i r e c t l y  to  the armature sh a ft  o f  th e  
m otor. The speed o f  the magnetos was taken d i r e c t l y  from the mag­
n e to  sh a ft  by means o f  an e l e c t r i c  tachom eter. The magneto c i r ­
c u i t s  were a l l  con n ected  and the high te n s io n  s id e  le d  o f f  to  a 
spark gap which r e s t e d  on g la s s  to  do away w ith  a l l  lea kage . Each 
magneto was then run at speed in t e r v a l s  o f  100 R.P.M. from 0 
up t o  3000 R.P.M, and the d i s t a n c e  o f  spark gap len g th  measured 
f o r  each speed i n t e r v a l .  This  was done on each magneto f o r  ad­
vance , re ta rd ed  and m iddle p o s i t i o n  o f  the  tim er ajid a l s o  fou r  
d i f f e r e n t  len g th s  o f  in te rT u p te r  gap. Having o b ta in ed  these 
data  f o r  each magneto, the in d u ctan ce  o f  the primary and secondary 
c o i l s  and armature were measured on the D ix ie  and the S p l i t d c r f  
low te n s io n  ( th e s e  b e in g  taken as r e p r e s e n t a t iv e ) .  This induc­
tance  was measured in  the P h y s ics  Laboratory  by means o f  Anderson ’ s 
m o d i f i c a t i o n  o f  M axw ell 's  method. The in du ctan ce  o f  the armature 
c o i l s  was measured at 30® s te p s  u n t i l  the e n t i r e  c i r c l e  had been 
com pleted .
W hile here  in  the P h ysios  Laboratory  the c a p a c i t i e s  o f  
the conden sers  were a l s o  measured by means o f  the comparison 
method w ith  a standard con den ser . The r e s i s t a n c e s  o f  a l l  the 
c o i l s  was a l s o  measured. This was done on the Wheatstone b r id g e .  
From th ese  measurements i t  was found that the time r a t i o  o f  ^  in  
the D i x i e  was .. = 9 .6 ,  w h ile  in  the s p l i t d o r f  low te n s io n
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th e  r a t i o  was — = 5 9 .6 .  From th ese  v a lu es  we can see 
.014685
th at the  curren t w i l l  jump t o  a h igher  v a lu e  in  a sh ort  in t e r v a l  
o f  time in  the a p l i t d o r f  low te n s io n  than inT the D ix ie .
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Data Taken with Boeoh High Tension Magneto, 
________ March 37 .1916_________________
RRM.:
In te rru p te r  
Width #1
Gap
P o s i t io n
Width #8 
Gap
P o s i t i o n
Width #3 
Gap
P o s i t i o n
Up:Middle;Dovm: Up;Middle:Down; Up:Middle;Down
1 0 0 ; ,0 5  
8 0 0 : .1 1  
3 0 0 : ,8 1  
4 0 0 ; .3 3  
5 0 0 : .8 5  
30
30
31
600;
700;
800;
900:
1000;
1100;
1300;
1300;
1400;
1500:
1600;
1700:
1800:
1900:
O
33
33
34 
34 
34 
34 
38 
38 
38 
30 
38
8 0 0 0 : .3 5
.08
.07
.38
.85
.37
.39
.39
.33
.35
.35
.35
.35
.35
.35
.35
.34
.34
.33
.30
.86
. 0 1 : .0 4  
. 0 3 ; . 0 6  
. 1 3 ; ,  85 
. 1 8 ; . 8 7
30
33
oo
34
35
36 
36 
36
. 34 ; 
.3 7 ;  
. 30 : 
.3 0 ;  
.3 0 :  
.3 3 ;  
.3 5 ;  
. 35 ;
. 3 5 ; . 3 5  
. 3 5 ; . 3 5  
. 3 5 : . 3 5  
. 3 5 : .3 4  
. 3 5 ; . 3 4  
. 3 5 ; .3 4  
. 3 3 ; . 3 3  
. 3 0 : . 3 1
.0 3
.10
.18
.86
.3 0
.33
.34
.35
.3 5
.36
.3 6
.36
.36
.35
.3 5
.3 5
.3 5
,35
.33
.30
. 0 3 ; .0 4  
. 0 6 : .0 8  
. 1 4 ; .1 4  
. 3 0 ; .8 7  
. 3 7 : .3 1  
.3 0 : .3 4  
. 3 5 ; .  34 
.3 5 ; .3 4  
. 3 5 ; .  34 
. 3 6 : .3 3  
.3 6 ; .3 1  
.3 7 ; . 3 0  
. 3 6 ; . 3 0  
.3 6 : . 3 9  
. 3 5 : .3 8  
. 3 5 ; . 8 5  
.3 5 ; . 1 9  
.3 5 ; . 1 8  
.3 5 ; . 1 6  
. 3 5 : . 1 6
.03
.18
.30
.33
.34
.3 5
.3 5
.3 5
.35
.35
.3 5
.35
.35
.3 5
.34
.34
.33
.3 0
.30
.39
.08
.04
.13
.33
.31
.36
.36
.36
.36
.36
.36
.36
.36
.36
.35
.34
.34
.33
.38
.31
Width H
Gap
P o s i t io n
Up
.08
.11
.15
.17
.35
.35
.86
.33
.33
.80
.80
.19
.19
.16
.16
.16
.15
.14
.13
.10
Middle
.13
.30
.31
.34
.35
.35
.36
.34
.34
.34
.34
.34
.34
.34
.34
.34
.34
.34
.33
.33
Down
.01
.17
.30
.33
.35
.3 5
.3 5
.3 6
.36
.35
.35
.3 5
.35
.35
.3 5
.35
.35
.3 5
.3 5
.35
Gap #1 .006  in ch es .
" #3 .013 "
" #3 .037 «
" #4 .054 "
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Data Taken w ith  Kingston Magneto.
March 10 & 11,, 1916
In te r r u p te r
Width #1 Width #2 Width #3 Width #4
Gap Gap Gap Gap
P o a it io n P o s i t i o n P o a it io n P o s i t i o n
REM,
Middle Dovm Up Middle Down Up Middle:Down Up Middle:Down
100 .0 1 .01 .01
•
.01  ;
•
•
«
t
300 .0 1 .03 .0 5 .02 .03 .02 .0 1 ' .03  : .02 .01 .11  2
300 .03 .12 .1 6 .08 .11 .03 .08 .17  ; .04 .03 .17  2 .02
400 .17 .20 .23 .13 .18 .08 .22 .2 0  : .09 .10 .21  2 .03
500 .2 9 .32 .39 .17 .18 .19 .26 .21  ; .14 .10 .22  2 .04
600 .31 .33 .3 3 .25 .23 .24 .26 .27  : .22 .17 .26  2 .07
700 .33 .34 .37 .37 .3 5 .29 .26 .30  : .25 .19 .30  2 .11
800 .35 .35 .38 .37 .3 5 .3 0 .26 .30  : .29 .20 .31 2 .1 5
900 .3 5 .37 .37 .30 .35 .31 .26 .30  : .30 .20 .31 2 .2 0
1000 .3 5 .37 .3 7 .3 0 .3 5 .31 .2 6 .31  : .30 .20 .31 2 .2 0
1100 .3 5 .37 .37 .30 .3 5 .31 .27 .31 : .30 .2 0 .31 2 .2 0
1200 .3 5 .37 .37 .30 .3 5 .31 .28 .31  ; .30 .20 .31 2 .24
1300 .3 5 .37 .3 7 .3 0 .30 .31 .28 .32  : .31 .20 .31  2 .28
1400 .3 5 .37 .3 7 .30 .3 0 .31 .28 .32  ; .32 .2 0 .30  2 .28
1500 .35 .37 .37 .30 .3 0 .31 .28 .33  ; .33 .20 .28  2 .28
1600 .3 5 .37 .37 .3 0 .30 .3 2 .29 .33  : .33 .20 .28  2 .29
1700 .3 5 .37 .37 .30 .3 0 .33 .30 . 33 2 .33 .20 .28  2 .29
1800 .3 5 .37 .37 .30 .30 .34 .31 .33  ; .34 .20 .28  2 .2 9
1900 .3 5 .37 .37 .36 .30 .34 .31 .33  : .3 5 .10 .28  2 .28
2000 .3 5 .37 .37 .26 .30 .34 .31 .33  ; .36 .05 .28  2
•
•
.27
2700 .3 7 .3 6 .31
•
: .37
•
•
•
•
•
•
•
.18
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D a ^  Taken w ith  N ation a l L.T. Magneto. 
March 31,1916
RPM
In te rru p te r  
Width #1
Gap
P o s i t i o n
U£ Middle Down
Width #3 
Gap
P o s i t io n
M Middle Down
Width #3 
Gap
P o s i t i o n
Width #4 
Gap
P o s i t i o n
U£ Middle Down; Up Middle Down
300 .03 ,03 .01 .03 .03 .01 .04 .03 . 0 3 : .0 3 .06 .03
300 .0 5 .31 .03 .30 . S3 .03 .31 .05 .0 4 ; .0 7 .07 .04
400 .30 .39 .04 .33 .31 .3 5 .33 .30 .1 3 ; .3 0 .34 .S5
500 .3 5 .34 .0 5 .3 6 .34 .3 0 .36 .35 .3 0 : .3 1 .37 .30
600 .37 .36 .0 6 .38 .36 .33 .38 .36 .3 1 : .3 3 .39 .30
700 .40 .37 .31 .4 0 .39 .3 5 .40 .38 .3 5 : .3 3 .40 .35
800 .40 .39 .37 .40 .40 .37 .40 .40 .3 7 : . 3 5 .40 .36
900 .40 .40 .37 .40 .40 .39 .40 .41 .3 7 : .3 5 .40 .3 6
1000 .40 .40 .4 0 .40 .40 .4 0 .41 .41 .3 8 : .3 5 .41 .36
1100 .4 0 .40 .4 0 .40 .40 .4 0 .41 .41 .3 8 ; .3 5 .41 .37
1300 .4 0 .40 .40 .40 .40 .4 0 .41 .41 .3 8 ; . 3 5 .41 .4 0
1300 .40 .40 .40 .40 .40 .4 0 .41 .41 .3 8 : .3 5 .41 .43
1400 .4 0 .40 .40 .40 .40 ,40 .40 .41 .3 8 : .3 5 .41 .46
1500 .40 .39 .38 .40 .40 .40 .40 .41 .3 8 ; . 3 5 .41 .4 5
1600 .4 0 .38 .37 .40 .40 .40 .40 .41 .3 7 : . 3 5 .41 .43
1700 .40 .38 .37 .38 .39 .40 .40 .41 .3 7 ; .3 3 .41 .43
1800 ,4 0 .38 .37 .36 .39 .40 .38 .39 .3 7 : .3 3 .40 .43
1900 .39 .38 .37 .35 .39 .39 .37 ,38 .3 6 : .3 3 .38 .43
3000 .38 .38 .37 .35 .39 .39 .37 .38 .3 6 : . 3 8 .38 .43
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Data Taken w ith S p l i t d o r f  L.T.
March 10,1916
: In te rru p te r  : ••*• Width #1 ; Width #2 Width #3 : Width #4
•« Gb^ P • Gap Gb*p Gap
• P o s i t i o n  • P o s i t io n# • P o s i t i o n  • P o s i t i o n  •
R PM : •
•• • • •
...... .:. Up. Middle Down; Up Middle Down Up Middle;Down: Up Middle Down•
l o o i . o a .01
••
.0 0 5 ; .0 2 .01 .01 .02 .01 ; .0 1 ; .0 4 .03 .01
300:•35 .09 .0 4 ; . 0 8 .05 .03 .05 .14 ; . 0 3 : . 0 5 .27 .07
3 0 0 ; .2 5 .26 .1 4 ; . 1 7 .14 .26 .07 ,.30 : . 1 0 : . 0 6 .32 .30
4 0 0 ; .2 5 .26 .2 7 : . 1 7 .17 .39 .08 '.29  ; .1 3 : .0 7 .30 .31
5 0 0 ; .2 6 .26 .2 8 ; . 2 5 .30 .3 0 .15 .30  : . 1 5 : .1 0 .25 .31
6 0 0 ;.2 8 .26 .3 8 : .2 8 .3 0 .3 0 .36 .30  ; . 2 8 : .1 9 .2 5 .31
7 0 0 ; .2 8 .36 . 3 8 : . 3 0 .30 .3 0 .37 .30  : . 3 8 : .1 9 .2 5 .31
8 0 0 ; .2 8 .26 .2 8 ; . 3 0 .30 .30 .38 .30  ; . 3 0 ; .2 1 .35 .31
9 0 0 ; .2 8 .27 . 2 8 ; . 3 0 .3 0 .30 .29 .30  ; . 3 0 : . 2 1 .3 5 .3 1
1 0 0 0 ; .2 8 .27 . 2 8 ; . 3 0 .30 .3 0 .30 .3 0  ; . 3 0 ; .2 1 .25 .3 1
1 1 0 0 ; .2 8 .27 .2 8 ; . 3 0 .30 .3 0 .3 0 .30  ; . 3 0 ; .2 1 . 26 .31
1 2 0 0 ; .2 9 .28 . 8 8 : . 3 0 .30 .3 0 .30 .30  ; .3 0 ; .2 3 .37 .31
1 3 0 0 ; ,2 9 .29 .2 8 ; . 3 0 .30 .3 0 .30 .30  ; ,3 0 ; .2 3 .27 .31
1 4 0 0 ; .2 9 .29 . 2 8 : . 3 1 .30 .30 .30 .3 0  ; . 3 0 ; .2 3 .27 .3 1
1 5 0 0 ; .3 0 .29 .2 8 ; .3 1 .31 .31 .30 .31  ; . 3 1 : .3 3 .27 .31
1 6 0 0 ;.3 1 .30 .2 8 ; . 3 1 .31 .31 .31 .31  : . 3 1 : .3 3 .27 .31
1 7 0 0 ; .3 1 .30 .3 8 : . 3 1 .31 .31 .31 .31  : . 3 1 : .3 3 .37 .31
1 8 0 0 ; .3 1 .30 .2 8 : .3 1 .31 .31 .31 .31  ; . 3 1 : .2 3 .28 .31
1 9 0 0 ; .3 1 .30 . 2 9 ; . 3 1 .31 .31 .31 .31  : .3 1 ; .3 4 .29 .31
2 0 0 0 ; .3 1
••
.30 . 3 0 : . 3 1
«•
.31 .31 .31 .3 1 '  : . 3 1 ; .2 4
• •• •
.30 .31
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Data Taken with D ix ie  Magneto. 
March 11, 1916
Iriterru pter
Width #1 Width #2 Width #3 Width #4
Gap Gap Gap Gap
P o s i t i o n P o s i t i o n P o s i t i o n P o s i t i o n
R.RM.
Up M iddle Dovm Up M iddle Down Up M iddle Down Up Middle Down
100 ,0 2 .01 .01 .06 .03 .02
200 .22 .02 .0 5 .24 .06 .03 .03 .0 5 .04 .01 .01 .03
300 .27 .28 .2 5 ,28 .88 .17 .30 .25 .26 .02 .01 .04
400 .29 .29 .27 .30 .30 .19 .35 .88 .28 .03 .01 .0 5
500 .3 0 .30 .27 .30 .30 .28 .40 .28 .30 .05 .01 .06
600 .30 .30 .29 .30 .30 .88 .40 .28 .30 .03 .01 .08
700 .30 .30 .29 .31 .30 .28 .40 .29 .31 .03 .01 .10
800 .3 0 .30 .3 0 .32 .30 .28 .40 .29 .32 .03 .01 .01
900 .3 0 .30 .3 0 .32 .30 .88 .40 .29 .32 .03 .01 .01
1000 .32 .30 .30 .32 .30 .3 0 .40 .29 .32 .03 .01 .01
1100 .33 .30 .3 0 .32 .31 .32 .40 .30 .32 .03 .01 .01
1200 .34 .30 .3 0 .32 .32 .33 .4 0 .30 .32 .02 .01 .01
1300 .34 .30 .3 0 .32 .31 .32 .40 .31 .32 .02 .01 .01
1400 .34 .29 .3 0 .32 .28 .31 .40 .32 .32 ,02 .01 .01
1500 .34 .28 .3 0 .32 .27 .31 ,40 .32 .33 .02 .01 .01
1600 .34 .27 .30 .33 .27 .3 0 .40 .33 .32 .03 .01 .01
1700 .34 .26 .3 0 .32 .27 .3 0 .40 .32 ,33 .02 .01 .01
1800 .34 .26 .3 0 .32 .27 .3 0 .40 .33 .32 .02 .01 .01
1900 .34 .26 .3 0 .33 .27 .3 0 .45 .32 .32 .02 .01 .01
2000 .34 .26 .3 0 .33 .26 .3 0 .51 .32 .33 .02 .01 .01
2700 .34 .34 .28 .50 .32 .01
'
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Measurement o f  Inductance ,
L = C QR + r(Q + S)
D ix ie  Magneto.
C P R a a Rl : ^ Q b b 8
* *
S ! r  : L
9 9 1
1 300 200 579 .365 .0 6 5 :1 9 .0 19 .43 421 ■.■2'65 20 20.27ilD8 :.0081’?6
30 ; 74 •-006836
60 ;64:.006426
90 : 64-.006426
130 : 60 :.006266
150 ;60 :.006266
180 •113^008356
210 :74:.006826
240 ;64i006426
270 :64 U006426
300 ;64;.006426
330 : 64 U006425
360 •114 :.008439
Ave = .006773
D ix ie H .T .C oil
:3 :2 0 0 ' : 200:603 .3 8 :3 6 5 0 : 19 ;:2670 ;:397;: .35 ; :2664;:2664 -1120: 195
S p l i t d o r f  Magneto
0 :1 400 400 590 .435 .2 5 5 :1 9 ,5 :2 0 .1 9 ; :310;: .1 9 5 20 20.20?184-.02762
30 •• 485 .306 :1 9 .5 ; :20 .06 ;:5 1 5 ; .3 2 5 3 0 .3 3 :8 3 ; .0 1 1 3 6
60 •• 624 .393 : 1 9 . 5 :2 0 .1 5 ; :376;: .237 2 0 .2 4 :5 4 : .0 1 0 2 4
90 •• 579 .364 : 1 9 . 5;:2 0 .1 2 :4 2 1 ; : .2 6 5 2 0 .2 7 :3 4 ; .0 0 9 4 3
120 *• 496 .312 :1 9 .5 ; :20 .07 ;;504;: .3 1 8 2 0 .3 3 ;3 4 ; .0 0 9 4 1
150 99 553 .348 :1 9 .5 : : 20 .1 0 :4 4 7 ; : .2 8 2 2 0 .2 8 :8 4 : .0 1 1 4 3
180: 665 .430 :1 8 .7 ;19 .38 ;:335;: .2 1 1 20 .31 :340^02120
210 •9 620 .391 :1 8 .0 :1 8 .6 5 :380:: .2 3 9 3 0 .3 4 aOO:.01135
240 9• 767 .483 ;1 9 .0 :19 .74 :233:: .1 4 7 2 0 .1 5 ;7 0 : .0 1 0 6 9
370 99 181 .114 :1 9 .0 ;19 .37 :819:: .516 2 0 .5 3 :4 0 : .0 0 9 3 5
300 99 537 .338 :1 7 .7 :1 8 .3 9 :4 5 3 ; .2 9 2 2 0 .2 9 :4 0 ; .0 0 8 8 5
330 99 552 .348 .1 9 .5 :2 0 .1 0 ;448 :.2S2 3 0 .2 8 :6 0 : .0 1 0 4 6
360: 454 .286 :1 9 .5 :3 0 .0 4 :5 4 5 : .3 4 4 20 .34  ri04:.03430
Ave * .014585
S p l i t d o r f  H.T .C o i l
:3 :400::4 0 0 :8 8 0 : .5 5 5 :3 9 6 0 :1 9 .  5 :3980 :1 2 0 ; .0 7 6 ; :46 5 5 :4 6 5 5 :9 7 0 : 2 9 .9
:3 :4 0 0 :4 0 0 :5 9 5 : .3 7 5 ; :3960 ;10 :3970 ;4 C 5 : .2 5 5 :4 5 3 4 :4 5 3 4 :9 7 0 : 2 9 .5
L.T .C o i l
:1 :400:;400;:340 : .2 1 4 ; . 6 2 0 :1 0 ; 1 0 . 83 :660 : .4 1 5 :1 0 .5 ;1 0 9 2 :6 7 0 ; .0 0 1 8
:1 :400 :400 :338 : .3 1 4 : .6 2 0 :2 0 :2 0 .8 3 ;6 6 3 : .4 1 5 ;2 0 .5 :3 0 5 2 :3 7 0 : .0 0 2 3
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Measureraent o f  C apacity  o f  Condensers. 
D ix ie
C g <ix
^x ^s ^s ^x
2 .8 4 .8 .1 .0584
2 .7 2 .4 .0 5 .0563
2 .8 2 .3 8 .0 5 .0613
2 .7 4 .8 2 .1 .0560
Mean = .058 m. f .
C o i l  Condenser
S p l i t d o r f
Magneto Condenser
dx dg Cg Cx dx ds Cs Cx
5 .4 5  6 .1 .3  .268 .155 .21 ,1 .0738
5 .4 5  6 .1 .3  .268 .155 .21 .1 .0738
5 .4 5  8 .1 .4  .269 .155 .405 .2 .0765
5 .4 5  10 .3 .5  .265 .155 .41 .2 .0756
Mean C^ j = .2675 m. f . Mean Cx = . 0728 m. f .
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Measurement o f  R e s is ta n ce .
R 1000 + (a i -  a s )
] = 1000 -  ( a i  -  a s )
S p l i t d o r f
Primary
R a i ^2 a i  -  as Rx
.4 617 383 234 .644
.3 665 334 331 .597
1 .241
Mean .620
Secondary
2300 664 335 329 3960
2300 664 335 329 3960
Mean 3960
Armature
.1 719 282 437 .255
.1 718 281 437 .255
Mean .255
D ix ie
Primary
.01 871 133 738 .0664
.01 865 136 729 .0638
.1302
Mean .0651
Secondary
"2000  : ■5?0 : 430 ; 140 :
2000 ; 570 : 430 ; 140 : 2650
Mean 2650
.0<yf
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D lecu eslon  o f  C urves.
From th e  d iso u e e io n  on m an ipu lation  we understand that 
the v a r ia t io n  o f  spark gap le n g th  was n oted  w ith v a r io u s  va lu es  
o f  speed ; and w ith  d i f f e r e n t  tim es o f  in te r r u p t io n . The cu rves 
on the p rev iou s  pages show th e  r e s u lt s  as ob ta in ed .
Four d i f f e r e n t  v a lu es  o f  in te r r u p te r  gap le n g th s  were 
used which are  in  va lue  r e s p e c t iv e ly  as f o l lo w s ;
Gap #1 ,00 6  Inches
Gap #2 .012 "
Gap #3 .027 "
Gap #4 .054 "
That i s  the gap was p r a c t i c a l l y  doubled  in  va lu e  each tim e.
Under t e s t  the m agnetos used were a l l  d es ig n ed  f o r  fo u r  c y lin d e r  
en g in es , and the speed v a r ie d  from 0 t o  2000 P .P .M ., and even 
up as h igh  as 2700 in  some o a se s . The cu rves  as drawn on ly  g iv e  
the speed up to  1000 R .P .M ., becau se  i t  was found th at a t t h is  
speed the spark gap len g th  had become p r a c t i c a l l y  con sta n t f o r  a l l  
m agnetos. In any fou r  c y c le  engine th ere  a re  fou r  s tro k e s  per 
c y c le  o r  fou r  s tro k e s  per e x p lo s io n . Thus f o r  a fou r  c y l in d e r  
engine th ere  must be two in te r r u p t io n s  o f  the ig n it io n  f o r  each 
r e v o lu t io n  o f  the engine. T his means th a t a magneto f o r  a fou r  
c y l in d e r  engine must run at engine speed ; the speeds as p lo t t e d  
fo r  the magnetos above w i l l  then be the speed o f  the engine as 
w e ll .
In lo o k in g  over th e  e n t ir e  se t  o f  cu rves one w i l l  n ote  
that the d is ta n ce  between n e e d le  p o in ts  jumped from a low  va lue 
to  alm ost a maximum between the engine speeds o f  150 and 350 R.P.M .
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Thus we can see th a t a t low speed the magneto i s  very  i n e f f i c i e n t  
f o r  the p rod u ction  o f  a hot spark . T his a ls o  would mean that i t  
would he d i f f i c u l t  to  s ta r t  an engine on the magneto. However, 
a f t e r  the speed has gone above 350 the n e e d le  p o in ts  a re  not fa r  
from maximum d is ta n ce  o f  s e p a ra tio n . The maximum d is ta n ce  as de­
term ined under t e s t  was n ot the maximum p o s s ib le  d is ta n ce  that the 
p o in ts  might have been sep a ra ted , f o r  a t  the maximum d is ta n ce  as 
shown the spark began to  f la s h  a c r o s s  the s a fe ty  gap, the purpose 
o f  which i s  t o  p r o t e c t  the in s u la t io n  on the secondary c o i l .
I t  might be w e ll to  e x p la in  the e f f e c t  o f  v a r y in g . in t e r ­
ru p ter  gap le n g th s . When the in te r r u p te r  opens th ere  i s  o f  cou rse  
a f la s h  between the p o in ts  as the cu rren t endeavors to  con tin u e  
to  flo w  through the in te r r u p te r  c i r c u i t .  Now the r e s is ta n c e  o f  
the a i r  path between in te r r u p te r  gaps i s  d i r e c t ly  p r o p o r t io n a l 
t o  the gap le n g th , and thus by v a ry in g  the gap r e s is ta n c e  the r a te  
a t which the cu rren t d ie s  may be v a r ie d . This o f  cou rse  produces 
the change o f  f lu x  in  the induction c o i l  and thus v a r ie s  the 
secondary induced v o lta g e . The condenser which i s  in  p a r a l le l  
w ith  the in te r r u p te r  p o in ts  h e lp s  to  deaden the spark across the 
gap, f o r  when the c i r c u i t  i s  broken  th e re , the cu rren t surges 
back and t r i e s  t o  flo w  through the con den ser.
Now to  e x p la in  the e f f e c t  o f  d i f f e r e n t  p o s it io n s  o f  the 
in te r r u p te r . Let us assume th a t the d i r e c t io n  o f  r o ta t io n  o f  the 
arm ature sh a ft i s  c lo ck w is e . Thus i f  the cam or le v e r  which 
c o n t r o ls  the a c t io n  o f  the in te r r u p te r  i s  moved in  a c lo ck w ise  
d ir e c t io n  the in te r r u p t io n  w i l l  n ot o ccu r  u n t i l  la t e r ,  thus we say 
th at the spark i s  re ta rd e d . I f  the tim in g  d e v ice  i s  moved in  the
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o p p o s ite  d ir e c t io n  the in te r r u p t io n  o f  the c i r c u i t  w i l l  o ccu r  
e a r l i e r  and the spark i s  thus sa id  to  he advanced.
Now from the m athem atical developm ent we can see the 
e f f e c t  o f  advancing or  r e ta rd in g  the spark . I f  the spark i s  ad­
vanced, the c i r c u i t  must he broken  e a r l i e r  and the cu rren t in  the 
prim ary c o i l  may or may n ot have reached  i t s  maximum v a lu e , on 
the re ta rd ed  spark the cu rren t may have p assed  over i t s  maximum 
p o in t  and he d e cre a s in g  in  v a lu e  b e fo r e  the c i r c u i t  i s  broken .
These fe a tu re s  depend e n t ir e ly  upon the c o n s tr u c t io n  o f  each 
m achine.
From th e se  fa c t s  we would suppose that f o r  a d e f in i t e  
in te r r u p te r  gap the d is ta n ce  o f  spark ing gap should have a d e f in i t e  
r e la t io n  fo r  co rre sp o n d in g ly  d i f f e r e n t  p o s it io n s  o f  th e  in t e r ­
ru p te r . And a ls o  th at f o r  any d e f in i t e  p o s i t io n  o f  the in t e r ­
ru p te r , th ere  shou ld  he a f ix e d  r e la t io n  f o r  spark gap len g th s  f o r  
d i f f e r e n t  in te r r u p te r  gape.
In d is c u s s in g  th ese  tw c fa c t s  a d e f in i t e  se t  o f  curves 
w i l l  be used which are  th ose  o f  the D ix ie  magneto. The cu rves 
in  g en era l are  ra th e r  in d e f in i t e ,  the D ix ie  p rob a b ly  p re se n ts  the 
c o n d it io n s  b e s t  s u ite d  to  the th e o ry .
For in te r r u p te r  gap #1, we see that th e  spark gap len g th  
in cr e a s e s  a c c o rd in g ly  as the in te r r u p te r  i s  in  the up, m iddle, 
and down p o s i t io n s ;  and th at i t  r i s e s  a c co rd in g  to  the in cre a se  
o f  speed in  the same r e la t io n .  For the "up p o s i t io n "  o f  the 
in te r r u p te r  the cu rves fo r  d i f f e r e n t  in te r r u p te r  gaps a ls o  r i s e  
ap proxim ately  a c co rd in g  to  the len g th  o f  the in te r r u p te r  gap.
For in te r r u p te r  gap #3, the saune c o n d it io n s  e x is t  as above. I t
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w i l l  be noted  th at in  t h is  ca se  f o r  the m iddle p o s i t io n  o f  the 
in te r r u p te r  a l l  cu rves  f o r  d i f f e r e n t  in te r r u p te r  gaps are  p r e t ty  
w e ll bunched except gap #4. In the D ix ie  t h is  gap seems to  be 
too  l^^rge to  g iv e  good r e s u l t s .  For in te r r u p te r  gap #3’ i t  w i l l  
again  be n oted  th a t the spark gap len g th  v a r ie s  w ith  the up, m iddle 
and down p o s i t io n  o f  the in te r r u p te r . The up p o s i t io n  b e in g  
more pronounced and shows a more in te n se  secondary spark . For 
the down p o s it io n  o f  the in te r r u p te r  the d i f f e r e n t  in te r iu p te r  
gaps are not arranged in  d e f in i t e  ord er  but a re  bunched q u ite  c lo s e  
to g e th e r  w ith the e x cep tion  o f  gap #4 as b e fo r e .  For gap #4 the 
spark was poor f o r  a l l  p o s i t io n s ,  and no d e f in i t e  ord er  o f  cu rves 
m ain ta ined . The B osch magneto seemed to  g iv e  the next b e s t  r e ­
s u l t s .
The cu rve  p lo t t e d  f o r  th e  in d u ctan ce  o f  the D ix ie  
and S p l i t d o r f  c o i l s  f o r  d i f f e r e n t  p o s it io n s  o f  the armature shows 
some in t e r e s t in g  fa c t s .  I t  w i l l  be n o t ic e d  that the in du ctan ce  
o f  the S p l i t d o r f  c o i l  was much la r g e r  than th at o f  the D ix ie  
and a ls o  when the armature was in  a p o s i t io n  so th at the f lu x  
c i r c u i t  was made up o f  p r a c t i c a l l y  a l l  ir o n  and the r e lu c ta n c e  
o f  the c i r c u i t  was low , that th e  in du ctan ce  jumped to  about tw ice  
the average va lu e  in  the S p l i t d o r f .  In the D ix ie  the v a r ia t io n  
o f  in du ctan ce  a t th e  p o in t  o f  low  re lu c ta n c e  in  the f lu x  c i r c u i t  
was n ot as pronounced as in  the S p l i t d o r f .  I t  i s  to  be n oted  
that i t  i s  at the tim e o f  th ese  h igh v a lu es  o f  in d u ctan ce  that the 
ig n it io n  c i r c u i t  i s  u s u a lly  b rok en .
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C on clu sion
In c o n c lu s io n  we may say th at the cu rves as ob ta in ed  
do n ot show d e f i n i t e l y  the r e s u lt s  as ex p ected , bu t in  gen era l 
they do show th a t a r e la t io n  does e x is t  betw een spark gap le n g th , 
in te r r u p te r  gap, and tim in g  w ith  v a r iou s  speeds. The c o n c lu s io n s  
to  be  drawn from t h is  in v e s t ig a t io n  are  th at in  d e s ig n in g  a new 
magneto f o r  e f f i c i e n t  o p e ra t io n  i t  i s  n e ce ssa ry  th at a hot spark 
must be  o b ta in a b le  a t low sp eed s. In th e  m athem atical c a lc u la ­
t io n  we saw th at i f  the prim ary c i r c u i t  i s  to  be in te rru p te d  b e fo r e  
the cu rren t has tim e to  b u i ld  up to  i t s  maximum va lu e  th at the 
r a t io  o f  r e s is ta n c e  to  in d u ctan ce  o f  the c i r c u i t  must be h igh . 
Another p o in t  to  observe  i s  th a t f o r  advanced spark the in t e r ­
ru p tio n  o f  the prim ary c i r c u i t  shou ld  occu r  when the prim ary 
cu rren t has reach ed  i t s  maximum va lu e  in  ord er  to  o b ta in  the 
h o t t e s t  spark. The in te r r u p t io n  o f  the c i r c u i t  a t maximum value 
o f  prim ary cu rren t f o r  a l l  p o s i t io n s  o f  the tim er may be  accom­
p l is h e d  by moving th e  com plete  in te r r u p t in g  mechanism w ith  r e sp e c t  
to  th e  arm ature.
O scillog ra m  #  1
O sc illog ra m  #  2
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The fo r e g o in g  o a o illo g ra m s  show the r e la t io n  between 
engine speed and prim ary cu rre n t in te r r u p t io n . At low speeds 
o s c i l lo g r a m  #1, the prim ary cu rren t has a lo n g e r  tim e to  b u i ld  up 
and as a r e s u lt  a h igh er E.M.F. i s  induced in  the secon dary . The 
second o s c illo g ra m  shows h igh er  engine speed and le s s  tim e fo r  
the prim ary cu rren t t o  b u i ld  up. As a r e s u lt  the secondary induced 
v o lta g e  i s  l e s s .  This seems co n tra ry  to  th e  r e s u lt s  as shown by 
the spark gap cu rv e s .
From th e  cu rves o f  the D ix ie  magneto we -see th a t at con ­
sta n t speed w ith  one p o s i t io n  o f  the tim er and v a r ia b le  in te r r u p te r  
gap le n g th s , th e re  e x is t s  a r a t io  betw een the in te r r u p te r  gap 
len g th  and the le n g th  o f  th e  spark . As an example o f  t h is  we w i l l
retav~d 200
take th e ^ p o s it io n  o f  the tim er and a speed of^R .P .M . We f in d  that 
the r a t io  betw een gap f l  and the o th e rs  i s  as f o l lo w s :
= .89  = 6 .5 5 " ^ E -S  = 21.0gap W  gap #3 gap #4
These r e la t io n s h ip s  h old  on ly  a t low speeds becau se  as the speed 
in c r e a s e s  to  a h igh  va lue  the spark gap le n g th  becom es p r a c t i c a l l y  
th e  same fo r  a l l  gape. A r e la t io n  s im ila r  to  th is  a ls o  e x is t s  
f o r  any g iven  in te r r u p te r  gap w ith  d i f f e r e n t  p o s i t io n s  o f  the 
tim er. The ra t io s ,h o w e v e r , a re  n ot the same.
